Inflammatory myofibroblastic tumor (IMT), a rare sarcoma, is primarily treated via resection of the mass. However, in cases of recurrence or unresectable tumors, no standard care exists. While crizotinib, an anaplastic lymphoma kinase (ALK) inhibitor, is only approved for non-small-cell lung cancer with ALK mutation, it is reportedly effective for other malignant tumors with ALK mutation. We herein report a case involving a 37-year-old woman with retroperitoneal IMT with ALK mutation, who experienced recurrence after complete resection, in whom crizotinib treatment resulted in complete response. ALK-inhibitor efficacy against malignancies with ALK mutations should be investigated in future.
Introduction
Precision medicine has become one of the most concerning issues among oncologists. Pembrolizumab, for all patients with unresectable or metastatic and microsatellite instability-high or mismatch repair-deficient solid tumors, was the first approved cancer treatment (US Food and Drug Administration) based on a biomarker analysis. In the future, cancer treatments may be determined based on the biological findings of the tumor rather than its location. We herein report a case of recurrent inflammatory myofibroblastic tumor (IMT) with anaplastic lymphoma kinase (ALK) mutation, in which a complete response was achieved using crizotinib, a tyrosine kinase inhibitor targeting ALK. The treatments for recurrent IMTs remain controversial, partly because of its rarity; thus, the accumulation of research on this condition can be meaningful. In addition, we would like to introduce the first reported phenomenon where the rearrangement of the ALK gene with multiple partner fusion genes was identified in the IMT of a single patient.
Case Report
A 37-year-old woman presented to our hospital after a right adrenal gland mass was incidentally detected by ultrasound sonography in an annual medical checkup. She did not have any symptoms. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed a hypervascular mass of 6 cm in diameter adjacent to the right adrenal gland and inferior vena cava (IVC) (Fig. 1) . The mass showed the same signal as muscle on T1-weighted imaging and a high signal intensity on T2-weighted imaging. Contrast enhancement was observed gradually from the margin to the center. Positron emission tomography-CT revealed no area of uptake other than the retroperitoneal mass. The patient's laboratory data, including her adrenocorticotropic hormone, cortisol, dehydroepiandrosterone sulfate, aldosterone, renin, adrenaline, noradrenaline, and dopamine levels were normal, indicating that the function of the adrenal gland was normal. Laparoscopic surgery was conducted in November 2015 to confirm the diagnosis, and the right adrenal gland mass (70× 60×50 mm) was removed without any residual lesion. The tumor was composed of spindle cells in a storiform growth pattern with infiltrating inflammatory cells that were mainly composed of plasma cells ( Fig. 2A ). An immunohistochemical analysis revealed that the tumor cells were positive for ALK (in the cytoplasm) ( Fig. 2B ) and negative for S-100, desmin, c-kit, and CD34. ALK gene rearrangement was detected by fluorescent in situ hybridization (Fig. 3) ; thus, the tumor was diagnosed as IMT with ALK rearrangement. We performed RNA sequencing to identify the partner gene and observed that the ALK gene had multiple fusion partner genes: TPM3 (tropomyosin 3), MPRIP (myosin phosphatase Rho interacting protein), KLC1 (kinesin light chain 1), KIF5 B (kinesin family member 5B), EML4 (echinoderm microtubule associated protein like 4), and HIP1 (huntingtin interacting protein 1), in descending order from the point of the read counts. Thoracoabdominal examinations using CT were conducted every 3 months, and the first recurrence was observed 7 months after the operation (Fig. 4A) . The largest mass was located between the IVC and the right kidney. Small nodal paravertebral lesions showed the uptake of fluorodeoxyglucose and a small mass between the IVC and the pancreas was detected by MRI; these were also likely to be recurrent lesions. Since the suspected recurrent lesions were multiple and unresectable, we assessed that they were inoperable. The patient, whose Eastern Cooperative Oncology Group Performance Status was 0, started crizotinib therapy at a dose of 500 mg per day. Before starting crizotinib, we obtained written informed consent from the patient for off-label use and the approval of crizotinib use in our study by the Ethics Committee of Kobe City Medical Center General Hospital. We discontinued crizotinib one month later, because the patient's aspartate transaminase (AST) and alanine transaminase (ALT) levels increased to 47 U/L and 112 U/L, respectively. Two weeks later, her liver enzymes recovered to within normal limits, and crizotinib therapy was restarted at a dose of 250 mg/day, which was increased to 400 mg/day three weeks later. ALT transiently increased to 73 U/L but finally reached within normal limits. The patient experienced grade 1 visual disturbance (afterimage) and grade 1 diarrhea; however, they were tolerable. Positron emission tomography-CT revealed that she had achieved a complete response (Fig. 4B) ; thus, we discontinued crizotinib. The total administration period was five months. Local recurrence was observed again at nine months after treatment, at the same location as the first recurrence (Fig. 4C) . This time the mass was small, and she underwent surgical resection. ALK staining of the resected tumor was positive. The patient is now free from any treatment and is receiving regular imaging surveillance.
Discussion
IMT is a rare mesenchymal tumor with an unclear etiology. It can arise in various locations, and is locally aggressive. The first choice of treatment for IMT is surgical resection. Local recurrence may occur once or more than once, but distant metastasis is rare (1) . Approximately 50% of IMTs harbor ALK gene rearrangement with various fusion partner genes (2) . It is known that the pathological features of IMTs, such as the mitotic rate, presence or absence of necrosis, or cellular atypia, do not correspond with the clinical outcome (3, 4) . On the other hand, ALK rearrangement has been associated with local recurrence but not with distant metastasis, according to a previously reported immunohistochemical study of IMTs (4) . ALK immunostaining is categorized into three patterns, which appear to be determined by fusion partners (3). The three staining patterns are as follows: smooth cytoplasmic staining, granular cytoplasmic staining, and distinctive nuclear membrane staining; our case showed smooth cytoplasmic staining, which is reason- able for TPM3-ALK fusion.There is no consensus on the optimal treatment of recurrence, as was observed in our patient. In previous case reports, crizotinib has been considered to be effective for ALK-positive IMT. Table presents the six cases in which crizotinib was used for ALK-positive IMT in adults. The patients were young and their tumor locations varied. In most cases crizotinib first resulted in a partial or better response; however, the final outcomes differed. Our case is the first report of a Japanese patient and is an additional example of that suggests that crizotinib is effective for ALK-positive IMT, regardless of where the tumor is. Crizotinib was first developed as a c-Met (mesenchymalepithelial transition factor) inhibitor, which is now widely known as an ALK inhibitor. Grade ! 3 adverse events included ALT elevation in 11% of cases, AST elevation in 4% of cases, neutropenia in 9% of cases, QT prolongation in 2% of cases, and interstitial lung disease in 0.6% of cases. Grade 1 eye disorder, which was observed in this case, was reported in 62% of patients in a clinical trial of crizotinib against non-small-cell lung cancer (5) . A few cases of intestinal lung disease and liver dysfunction resulted in death in this phase 3 trial; however, most side effects are tolerable. This suggests that crizotinib is a safely manageable drug, and our case also supports the safety of the drug. Similar to crizotinib, off-target effects may lead to the development of new drugs.In conclusion, IMTs occur in various locations; however, regardless of the tumor location, the use of ALK inhibitors, such as crizotinib, may be effective for tumors harboring ALK mutations.
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